It has long been assumed that most parts of a genome and most genetic variations or SNPs are non-functional with regard to reproductive fitness. However, the collective effects of SNPs have yet to be examined by experimental science. We here developed a novel approach to examine the relationship between traits and the total amount of SNPs in panels of genetic reference populations. We identified the minor alleles (MAs) in each panel and the MA content (MAC) that each inbred strain carried for a set of SNPs with genotypes determined in these panels. MAC was nearly linearly linked to quantitative variations in numerous traits in model organisms, including life span, tumor susceptibility, learning and memory, sensitivity to alcohol and anti-psychotic drugs, and two correlated traits poor reproductive fitness and strong immunity. These results suggest that the collective effects of SNPs are functional and do affect reproductive fitness. collective effects, complex traits, minor alleles, SNPs, recombinant inbred lines, minor allele content (MAC) Citation:
Past studies of complex traits have met with great success in identifying a number of significant genetic variants, although such variants usually account for only a small fraction of the total trait variation and their functional roles typically remain unclear [1] [2] [3] [4] [5] [6] [7] [8] . The focus on searching for a few major effect variants is under the null hypothesis in the field of population genetics that the majority of genetic variations are neutral. This hypothesis, however, is at best incomplete as the question of what determines genetic diversity has long remained unsolved [9] . The neutral hypothesis in fact was mistaken right from its inception and never really explained the first and most remarkable result in molecular evolution, the genetic equidistance result [10] . While the assumption of neutrality has often passed tests by sequence-alignment based informatics approaches, such methods usually have their own set of assumptions, includ-ing assuming certain DNAs to be neutral such as synonymous (syn) sites and transposon-element derived sequences, and are therefore not truly conclusive tests free of neutral or uncertain assumptions [11] [12] [13] . In contrast, experimental science found little evidence for the neutral assumption. A majority of the noncoding parts of the human genome are transcribed [14] , and numerous experimental researchers have now recognized an important functional role for these non-coding RNAs (for a review see [13, 15] ). Furthermore, we have recently proposed a more complete theory to supersede the neutral hypothesis and a key prediction of our theory is that the majority of a genome are functional [16, 17] .
SNPs typically have just two alleles in a population and the minor allele (MA) has frequency (MAF) <0.5. Unlike a rare variant, however, a common MA typically has MAF >0.1. In theory, neutral could have two contrasting meanings. A minor allele could be either neutral because it is non-functional and under no Darwinian natural selection or only seemingly neutral or nearly neutral or slightly deleterious because it is both beneficial and deleterious and under both positive and negative selection. Such opposite meanings of neutral may not be easily distinguishable by popular statistical tests for detecting selection. MAs were often found to be disease risk alleles [18] . However, most studies only looked at a few SNPs. The question whether the collective effects of common SNPs' MAs are neutral has yet to be addressed.
While too little genetic variations are known to hurt adaptive capacities, it is much less appreciated whether too much may exceed an organism's maximum level of tolerable disorder or entropy, given that mutations are after all random and disorderly in origin. Entropy is generally defined as the logarithm of the number of ways the microstate can rearrange itself without grossly affecting the macrostate. An organism as a macrostate can accommodate certain limited amounts of microstates at the level of DNA rearrangements or variations. Entropy is thus related to normal genetic diversity as measured by the number of common SNPs. Genetic diversity at the maximum or optimum tolerable level would be adaptive or beneficial but would be deleterious if it is either above or below that level. It is therefore a priori expected that genetic diversity should be under both positive and negative selection and always at optimum level if time is long enough for equilibrium to be reached.
We here used a novel method to test whether the total amount of SNPs carried by an individual is at an optimum level. We made use of multiple panels of genetic reference populations or recombinant inbred lines (RILs) that provide a powerful means to study the genetic basis of complex phenotypes [1926] . The RIL panels are derived from breeding of parental strains differing in phenotypes and genotypes. The F1 and F2 or up to F10 progenies are intercrossed to maximize random recombination and hence allelic diversity in the offspring, which were then randomly selected for inbreeding up to 20 generations to generate the final panel of RILs homozygous for almost all variants or SNPs. During the random mating and subsequent inbreeding process, there are ample opportunities for neutral variants to drift and for non-neutral variants to be selected. Immunity against pathogens is essential for survival and depends on allelic diversity, which would positively select for enrichment of variants. On the other hand, individuals may die or be aborted before birth due to deleterious variants. While the population size of a RIL panel is small, the actual size of the offspring population of the original parents is much greater and includes many that died because of negative selection.
If a trait is determined by multiple loci and robust to minor perturbations, one may expect that the trait may be genetically affected in two mutually non-exclusive ways. One is a major effect mutation in one of these loci that alters a component of a multi-component pathway. Alternatively, it may take a large amount of mutations to harm the trait, while such mutations individually or in small amounts may have few discernable effects or even beneficial effects. Furthermore, variations in the amount of mutations may account for quantitative variations commonly found in complex traits. For example, the more the variants the better the adaptive immunity up to a point when too much variants may start to hurt other traits or be cancer prone.
For any given panel of RILs, most SNPs would show MAs that are carried by less than half of the strains in the panel and the strains would differ in the contents of MAs that each carries. We defined "MA contents (MAC)" as the number of MAs in an individual divided by the number of SNPs scanned. Different from MAF, MAC is an individual measure. One predicts that strains with higher MAC should be similar to those with lower if the neutrality assumption is true. We here tested this by performing new trait analysis experiments as well as by using the large collection of data accumulated in the past several decades for genetic reference populations.
Materials and methods

MAC calculation and statistical methods
SNPs datasets for the genetic reference populations were obtained from the literature and public databases. All analyses were done with autosomal SNPs. Phenotypes data were from the literature and GeneNetwork. The number of strains in each RIL panel is given in Table S1 in Supporting Information.
The allele frequency of each SNP in a RIL panel or a control cohort was calculated by SNP Tools for Microsoft Excel and PLINK [27, 28] . We excluded non-informative SNPs from MAC calculation that have frequency 0 for one of the alleles in both cases and controls or in a RIL panel or have frequency 0.5 in controls or a RIL panel.
A novel software Nucleotide Diversity 1 (ND1) was developed to count the number of mismatches between individual genotypes as well as the number of heterozygous (Het) SNPs of each individual. Genetic distance is defined as the number of mismatches divided by the number of SNPs studied. Pairwise genetic distance (PGD) of a population panel is defined as the average of all non-repetitive pair within a population. The number of genotype mismatches is counted as follows. For homozygous (Hom) vs. Hom mismatch, a difference of 1 was scored. Hom vs. Het was scored 0.5. Het vs. Het was scored 0.5 since half of such cases are expected to be A/B vs. A/B with a difference of 0 whereas the other half are expected to be A/B vs. B/A with a difference of 1 (A/B means the generic two-allele genotype of a SNP with A or B representing one of the four nucleotides and the forward slash separating the two alleles). On a genome wide scale, the number of A/B vs. A/B match due to IBD (identical by descent) is expected to be similar to the number of A/B vs. B/A mismatch. We verified this approach by comparing the PGD in X chromosome for CEU females vs. CEU males using HapMap SNP data and found them to be similar as expected. In contrast, a software based on IBS (identical by status) such as PEAS that scores Het vs. Het as 0 showed the males to have much greater PGD in X than females [29] . For the missing genotypes N/N, N/N vs. Hom was scored as 0 and N/N vs. Het as 0.5.
The following are the detailed steps in calculating MAC and the average distance to the MA set:
(i) Obtain SNP genotype dataset of a RIL panel or a human population panel.
(ii) Calculate allele frequency of each SNP's two alleles in the panel and assign MA status to the allele with the smaller frequency.
(iii) Use the ND1 software to count the number of mismatched SNPs between a sample and the set of MAs assigned in step two, and obtain the average mismatch # per sample. For this counting, the MA set has MAs in homozygous form.
(iv) Number of MAs in a sample=# SNPs free of N/N# mismatch with MAs. The following exemplary data table illustrates the above procedures (Table 1) . Shown in the table is a population panel with five samples listed in row 1 with each genotyped for a total of three SNPs as listed in column 1. The genotypes of each SNP of each sample are in columns 3 to 7, with sample 5 having one N/N missing genotype. As an example, for SNP rs12345 in row 2, the A allele has a frequency of 3/10=0.3 and is hence assigned as the MA. The set of MAs thus identified for all three SNPs is listed in column 2 that has the MAs in hom form. The MA set is therefore equivalent to an imagined sample who is homozygous for the MAs of all the SNPs studied (MAC=1). Next, the number of mismatches between each sample and the MA set is determined using ND1 software as shown in row 5, with the average per sample shown in row 8. The number of MAs of each sample is shown in row 6, with MAC value in row 7. The corrected average mismatch number is shown in row 9. The average distance to the MA set is shown in the last row.
The correlation between genotype and phenotype was analyzed by linear and multivariate regression analysis using GraphPad's statistics software Prism 5 and InStat3 and the software Significance Analysis of Microarrays. For multivariate regression analysis of the 3664 traits in BXD panel, most traits were unsuitable for analysis because of missing data. After removing these, there were 21 traits left, from which 13 were filtered out because of non-independent nature based on multivariate analysis. The remaining nine traits were then analyzed by multivariate regression using InStat3. Other statistical methods used include Student's t test, two tailed, chi-square test, two tailed, linear and multivariate regression, and Pearson/Spearman correlation analysis. Since the sample size is often large in our data sets, the Whitney-Mann test gave similar results as the t test and only t test data were presented. 
Identification of trait specific set of MAs
A number of traits showed correlation with other traits (Table 2). We examined four traits among these, blood ethanol concentration (BEC, trait 3), its strongly correlated trait resistin level (trait 11), and its two non-correlated traits pain response (trait 4) and open field rearing behavior (trait 5) ( Table 2) . We picked out 61 strains with BEC data and wanted to select a subset of SNPs that could separate the BEC trait and its related traits from the non-related traits better than what the original random set of 51K SNPs had done.
Each SNP genotype in an Excel data matrix like the above exemplary data table was converted into a MA score of 0, 0.5, or 1, depending on its MA content. If a genotype has no MA, it is scored 0; if it is het, it is 0.5; if it is hom for the MA, it is 1. So, the above exemplary data Table 1 can be  converted to the MA score table (Table 3) .
Next, the 61 RIL strains were sorted based on their BEC value and divided into three groups of 20 strains each, with group 1 lowest and group 3 highest in BEC value. For each SNP, the average MA score in group 1 and 3 was deter- From the 61 RIL strains, we identified 24 strains that have phenotype data for all four traits concerned. Using each of the above 10 groups SNPs, we calculated the MAC of each strain. So each strain has 10 different MAC values corresponding to the 10 groups of SNPs. We then tested for correlation between MAC and the four traits of concern in the 24 strains to see which of the 10 groups of SNPs gave the best result. A strong correlation with BEC and its related traits but a poor one with unrelated traits was considered a good specificity profile for a group of SNPs. The group designated as <0.75 was found to have the best specificity profile and has 30336 SNPs.
Animal experiments
The study performed animal experiments and the animals' care was in accordance with institutional guidelines. The Institutional Animal Care and Use Committee of the Central South University has approved this study.
For brood size measurement, all lines were synchronized by transferring five adult nematodes to fresh dishes and allowing them to lay eggs for 34 h, after which the nematodes were removed. Twenty L4 individuals from each line were picked into 20 dishes and were allowed to lay eggs each day into a new dish for a total 8 d or until no more eggs were laid. The eggs in each dish were allowed to develop for 2 d before being counted.
See extended experimental procedures in Supporting Information for experiments on immune responses and high fat diet-induced obesity in BXD mice.
Results
MA distribution profiles in genetic reference populations
We calculated MAF for each scanned SNP in a panel of genetic reference population. We then calculated MAC for each strain of a panel and plotted the MAC distribution curve (Figure 1 ; Table S1 in Supporting Information for strain descriptions). Great variations in MAC (~0.2 to ~0.7) were observed for C. elegans RILs from either the Kruglyak or the Kammenga laboratory ( Figure 1A and B) [19, 20] , a yeast segregants panel analogous to a RIL panel in animals ( Figure 1C ) [21, 22] , and the BXD mouse RIL panel ( Figure  1F ) [24, 25] . Relative to these RILs, D. melanogaster inbred panel derived from the wild showed lower MAC and smaller variation range ( Figure 1D ) [23] . RILs that were only partially inbred such as the collaborative cross (CC) G2F7 mouse panel that has been inbred for only seven generations also showed small variation range in MAC ( Figure 1E ) [26] . For certain panels with large variations, an abrupt turn at the ends of the distribution curve, especially the higher end, was apparent, indicating an under-representation and hence lower survival success of strains with low or high MAC ( Figure 1AD and F) . The population distribution of MAC showed a bell curve as expected ( Figure S1 in Supporting Information). For calculating MAC, the number of informative SNPs used for each panel ranged from ~120 to ~151000. Since the SNPs used here are largely selected in a non-biased way, the number of SNPs used should not significantly affect the calculation of MAC. Indeed as shown for the BXD mouse panel, MAC calculated from ~51000 SNPs were highly similar to those calculated using two different non-overlapping sets of 1000 SNPs randomly selected from the ~51000 ( Figure S2 in Supporting Information).
MAC correlates with quantitative variations in complex traits in model organisms
To determine whether MAC may affect reproductive fitness, we examined brood size of 42 C. elegans RILs from the Kruglyak laboratory with Hawaii (HW) npr-1 genotype and 62 RILs with N2 npr-1 genotype (Figure 2A and B) . Their parental strains Hawaii CB4856 and Bristol N2 differ in npr-1 by one major effect SNP (F215V). Higher MAC was linked with lower brood size in a nearly linear fashion, with its effect stronger in HW npr-1 background (Figure 2A and B). The deleterious effect of higher MAC on reproductive traits was confirmed in three other RIL panels in mouse and rat, BXD, CC (G2F6), and BXHHXB (Table 4 ). In addition, higher MAC was linked with lower life span in C. elegans and mouse (Table 4) , less startle response (the ability to respond rapidly to harmful changes in the environment) in D. melanogaster (for males, Spearman r=0.23, P=0.004) [23] , and more chill coma response in D. melanogaster (for females, Spearman r=0.22, P=0.007) [23] .
There are 3664 traits for the BXD mouse panel of 89 strains characterized by numerous studies with data archived at GeneNetwork [30, 31] . Fifteen traits were found linked with MAC by Pearson analysis and 15 by Spearman analysis (P<0.0001), including BEC, higher deoxycorticosterone level in cerebral cortex, and higher adrenal weight (Table S2 in Supporting Information). In comparison, assigning an arbitrary numerical value to each RIL strain did not produce any trait correlation with P<0.0001 in any of the 100 tests we did. There were 297 traits with P<0.05 (Table S2 in Supporting Information). Random sorting tests suggest that 60% of these correlations may be false positive at this P value. A few examples include lower maximum threshold to ethanol induced ataxia ( Figure 3A) and lower blood ethanol concentration in males 20 min after ethanol injection ( Figure  3B ). A number of related neurological traits were linked with higher MAC, including smaller methamphetamine-induced body temperature change, slower reversal learning, and higher sensitivity to pain (Table S2 in Supporting Information, Table 4 ).
Most of the 3664 traits in Table S2 in Supporting Information were scored for less than half of the panel and different sets of strains were often used for scoring different traits. After filtering out traits and strains with too many missing data, we were able to perform multivariate regression analysis on nine traits, which identified three significant associations, including BEC, adrenal zona fasciculata width, and hair coat color (Table S3 in Supporting Information).
In addition to reproductive fitness as mentioned above, a number of other traits were repeatedly found linked with MAC in different panels of RILs (Table 4) . One was tumor susceptibility (Figure 4 , Table 4 ). The effect of MAC in urethane induced lung tumor was only apparent when kras2 oncogene was wild type ( Figure 4A vs. 4B) [32] . There were also traits such as blood pressure that were repeatedly not found associated with MAC (Table 4) . MAC also consistently associated with traits linked to obesity and type 2 diabetes. In BXHHXB rat, more MAs were linked with higher glucose level after high fructose diet ( Figure 5A) and lower serum dopamine level ( Figure 5B ). In high fat diet fed BXD mice, higher MAC correlated with higher resistin level and more body weight increase ( Table 2; Table S2 in Supporting Information).
We next examined the hypothesis that greater genetic diversity may enhance adaptive immunity. A number of immunity traits in two panels of mouse RILs (BXD and BXH) were significantly associated with MAC (Table 5) . Importantly, higher MAC was uniformly associated with stronger immune responses.
The yeast segregant panel mentioned above in Figure 1C has been stably grown for many generations so that segregants with excess deleterious SNPs would have failed to grow to be included in the panel. This yeast segregant panel has been used to identity SNPs involved in 316 response profiles to 92 drugs and chemical compounds [21] . From this published dataset, we identified 12 MAC linked traits at zero false discovery rate, which all showed more growth inhibition in strains with higher MAC, indicating a link between lower reproductive fitness and higher MAC. Seven among these involved four drugs that are FDA-approved antipsychotic and antidepression drugs (sertraline, trimeprazine, chlorpromazine, and trifluoperazine), and one involved the FDA-approved cancer drug Tamoxifen (Table 6 ).
Trait specific set of MAs
We found that certain traits were correlated with certain other traits ( Table 2 ). To confirm among the MAC-linked traits that correlated traits share more MAs than noncorrelated traits (Table 2) , we developed an approach to identifying trait specific set of MAs as described in the Methods. From 51469 SNPs originally used for calculating MAC for the BXD panel, we identified a BEC-specific set of 30336 SNPs. When the MAC value of each RIL strain was calculated using the BEC specific set, the BEC trait was strongly linked with MAC (Spearman r=0.66, P=0.0004) and so was its related trait resistin level (r=0.53, P=0.008). In comparison, relatively weak association was noted for the two BEC-nonrelated traits, rearing behavior (r=0.4, P=0.06) and pain (r=0.46, P=0.03). In contrast, two non-related traits, resistin level and pain response, scored the best correlation with MAC among the four traits of concern if MAC value was calculated using the original random set of 51469 SNPs. We next asked whether poor reproductive fitness and strong immunity are correlated, which would indicate some sharing of SNPs. The MAC-linked reproductive trait in BXD mice is uterus horn length at maturity as shown in Table 4 . There was a correlation between this trait and formation of secondary dermal lesions upon ectromelia virus infection of footpad (Pearson r=0.40, P=0.03 for mixed sexes).
Discussion
The collective effects of SNPs are not neutral
Our results suggest a non-neutral role for the collective effects of most SNPs. MAC was linked with poorer rather than better performance in adaptive traits. Lower reproductive fitness may be sufficient to explain the lower frequency of some of these MAs. Negative selection en utero may also do so, and the effects of these MAs on some adult traits may reflect pleiotropy. In contrast, the link between higher MAC and better immunity and the inverse correlation between immunity and reproduction indicate simultaneous positive selection of the negatively selected MAs and explain why a common MA should be common rather than rare. While we have yet to obtain direct evidence for a functional role of the collective effects in any traits, the most parsimonious explanation for all the results here is natural selection. These results represent the first formal test of the neutral theory with regard to the collective effects of SNPs and have dramatically restricted the relevance of the infinite sites model. This study analyzed numerous mouse traits for associations with MAC. About a dozen traits showed highly significant association with MAC (P<0.0001) when no such association was observed for 100 random sorting simulations. These traits are therefore sufficient to support the conclusion that MAC is linked with certain traits. Furthermore, our direct experimental test of the hypothesis of MAC association with reproductive fitness in C. elegans produced highly significant result, which is also sufficient to support a functional role of the collective effects of SNPs.
Among the numerous traits in BXD mice examined here, hundreds passed the weak significance value of P<0.05. There is a high possibility of false positives here. Most of these should therefore be considered as results of an exploratory study needing future verification. Using a multiplicity adjustment method such as the Bonferronni correction here may be of limited value since the method is widely known to be controversial and even absurd [33] . Such corrections are favored by researchers adhering to the neutral framework as they help to artificially reduce the amount of functional SNPs. Indeed, certain associations that would have been found by Bonferronni correction as false positives were in fact real because they could be repeatedly observed in independent studies as shown in Table 4 . Most animal experiments have small sample sizes due to practical and financial reasons. The value of our study is to give the community a select list of MAC-linked traits worthy of future confirmatory studies.
Do the results here mean an additive effect of large numbers of MAs in MAC action and hence non-neutrality of most MAs? Many major effect risk alleles of diseases are known to be minor alleles [18] , which may plausibly imply that the effect of MAC may be mediated by a few known major effect risk alleles rather than large numbers of minor effect MAs. But this may not necessarily be the case. The effect of MAC was in fact abolished or weakened by major effect MAs such as kras2 mutation in lung cancer or npr-1 mutation in brood size as found here. Furthermore, MAC preferentially affects traits with larger number of known additive QTLs [34] . Obviously, the more the number of QTLs involved in a trait, the less the individual effect of each QTL on the trait. Thus, MAC-linked traits are expected to have more additive minor effect SNPs as risk alleles than those not linked to MAC. The individual effect of such SNPs may not be possible for existing methods like GWAS to detect. Thus, the concept and methods of MAC here may help solve the "missing heritability" problem of some complex traits [1] .
The results here suggest insights into the pathogenesis of certain diseases. It is well established that accumulation of somatic mutations causes cancer, although most such mutations are assumed to be neutral or "passengers" rather than "drivers" [35, 36] . That RIL strains with more germline SNPs or MAC have higher lung cancer incidences suggests an oncogenic role for too much genetic variations. This makes good sense since cells with more random variations or SNPs should have more entropy, which would make growth control less precise and stable. Alcohol addiction in humans is associated with lower initial sensitivity to alcohols/drugs and strong alcohol and sweet preference and consumption [37] . Strains with high MAC showed these phenotypes and may thus serve as models of human alcoholism. High MAC in mice were linked with increase in resistin and insulin level and decrease in IL-17 level. Such alterations have been implicated in mouse and human obesity and T2D [38, 39] .
The mechanism of action of MAC in complex diseases/traits may be hard to delineate precisely and usefully, since the defining characteristic of complexity may be the breakdown of causality. As simply put by Goldenfeld and Woese, "complex systems are ones for which observed effects do not have uniquely definable causes, due to the huge nature of the phase space and the multiplicity of paths" [40] . Thus, holistic system or architectural plan approaches may be more productive in studying MAC action.
Optimum genetic diversity
Genetic diversity may increase with time but will eventually reach an optimum limit due to negative selection of the deleterious effects of too many random mutations. Complex diseases such as cancer and lower reproductive fitness as linked with higher MAC may be the price paid for maintaining the optimum or maximum limit. On the other hand, adaptive immunity may suffer if MAC is too low. So, it is optimum MAC level rather than either low MAC or high MAC that is adaptively most advantages.
The two extremes in the quantitative values of a trait, such as either too high or too low level in a hormone such as deoxycorticosterone as found here, often represent suboptimum population minorities, and are less desirable relative to the optimum level. The two extreme values would be represented by high and low MAC ( Figure 6 ). Thus, both high and low MAC would be associated with less desirable traits. Here, lower survival rate of individuals with low MAC that are below optimum level would be in effect equivalent to higher survival rate for individuals with greater MAC. So, the nearly linear association of MAC with quantitative variations of traits automatically insures positive selection for MAs, in addition to negative selection. Such dual selection may explain why a MA is not too rare in frequency.
At the optimum level of allelic diversity, the overall slightly deleterious nature of MAs would be in homeostasis with the slightly beneficial nature of major alleles. The optimum concept here means a Pareto optimum or simply the best that can be achieved due to a balance between positive and negative selection at a particular time point under a specific level of epigenetic or organismal complexity [41] . As time and complexity changes, the optimum level of nucleotide diversity will also change.
What determines genetic diversity has been a longstanding unsolved puzzle [9] . The key to solve this puzzle may be to recognize two kinds of diversity, optimum and liner time dependent, as we proposed in the maximum genetic diversity theory [16, 17] . The results here provide evidence for a critical role of physiology or system construction requirements in optimum genetic diversity as suggested by the maximum genetic diversity theory [16, 17] . Genome compositional constraints may also play a role [42] . Optimum genetic diversity is a novel concept that may help solve more puzzles in genetics in the years to come. After finishing a postdoctoral training at the University of California at San Diego, he was appointed in 1992 assistant professor at the Sanford-Burnham Institute and promoted to associate professor in 1998. He was appointed professor at Central South University in 2009. The early training in art helped shape his taste in aesthetics and interest in science only as a creative endeavor. His laboratory discovered the RIZ or PRDM family of histone methyltransferases and proposed an epigenetic pathway of carcinogenesis by diet rich in meat and low in vegetables. Since 2003, he initiated study of the relationship between genetics and epigenetics and its role in the evolution of biological complexity. He proposed the maximum genetic diversity hypothesis and has been using it to rewrite evolution and population genetics as well as to solve genetic puzzles of complex traits/diseases about which the existing paradigm is clueless. He was one of the 1993 class of Pew Scholars in the Biomedical Sciences.
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